The purpose of this work is to study the behavior of atomic fluctuations and the spectrum of transmitted light by a nonlinear medium with absorption and dispersion. 
I. INTRODUCTION Recently there has been an increasing interest in the study of the optically bistable systems. ' "
The idealized situation considered thus far in the literature comprises a homogeneously broadened absorptive medium placed inside and in tune with a Fabry-Perot cavity under the inQuence of a coherent external pump which is on resonance with a preferred mode of the cavity and thus is also in tune with the non-linear medium. The bistable behavior of such a system arises owing to the competition between the cooperative and singleatom decay mechanisms in the presence of an external coherent pump. ' ' Assuming the same mechanism, we study the optical bistable behavior of a homogeneously broadened two-level (energy difference roc) dispersive medium which is detuned by an amount with the preferred mode of the cavity and the incident coherent pump (photon energy &o~). In an earlier communication, " it has been shown that owing to the presence of dispersion, an increase in the transmitted intensity along the cooperative branch takes place. The bistable behavior of a dispersive homogeneously broadened medium depends on the detuning and the parameter C (the ratio of the cooperative decay rate to twice the single-atom transverse-decay rate), and it is found that there is a critical value of the detuning beyond which the system ceases to be bistable. In this paper we present a detailed quantum-mechanical analysis of a bistable system with both absorption and dispersion.
We use the same method as in Ref. 6. We study in detail the transition of the system from bistable regime to nonbistable regime as~5( is increased. For~5~of the medium less than the critical value 5, , the hysteresis cycles for the transmitted intensity, the incoherent part of transmitted intensity and the spectrum of the transmitted light, similar to those obtained for a purely absorptive bistable medium, are observed. As the detuning approaches the critical value, the sizes of the hysteresis cycles reduce. At~5~= 5, , the hysteresis cycles completely vanish. For~6~5 , , the transmitted intensity is a single-valued function of the intensity of incident coherent pump. The discontinuous character for the appearance of dynamical Stark shift is also absent. The three-peak structure in the spectrum of the transmitted field appears gradually beyond a critical value of the intensity of the incident coherent pump at which one of the normal modes of the system becomes soft, but with finite lifetime, and the spectrum of fluctuations shows a narrow central peak. Fig. 1 , we show that behavior of the transmitted intensity as a function of the incident intensity for C = 10 and for values of the detuning both below and above the critical value.
erative branch, or decreased past y, along the "one-atom" branch, the transmitted intensity undergoes a sharp discontinuity. The discontinuity depends on 5. At~6~= 5, , the lower and upper bistability thresholds meet and the hysteresis in the output cycle disappears. x"'= (1/N)S"', x"' = (1/N)S'x' can be obtained by using the master equation (2.1) and are
The transmitted intensity is a monotonic function of the intensity of the incident coherent pump. (3.14)
These expectatien values will be used to calculate, in Sec. IV, the spectrum of the transmitted light and, in Sec. V, the incoherent intensity. Fig. 4 Fig. 4(a) that as y & y, =y, value, the central peak shows line narrowing and hence an approach to the threshold of a phase transition. Fig. 7 shows that for y &y, =p, the spectrum is three peaked. As p -p, =y, from larger side, the side bands merge into the shoulders of the central peak. And intensity at which the phenomenon of line narrowing occurs, and one of the normal modes of the system becomes soft cuit finite lifetime. We show in Fig. 10 
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